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Final Report 

This report summarizes activities carried out with support from the NASA Ultravio- 
let, Visible, and Gravitational Astrophysics Research and Analysis Program under Grant 
NAG 5-6821. The Principal Investigator is Howard E. Bond (Space Telescope Science 
Institute). STScI Postdoctoral Associates Laura K. Fullton (1998), David Alves (1998-2001), 
and Michael Siegel (2001) were partially supported by this grant. 

The aim of the program is to calibrate the absolute magnitudes of post-asymptotic- 
giant-branch (post-AGB or PAGB) stars, which we believe will be an excellent new ‘standard 
candle” for measuring extragalactic distances. The argument is that, in old populations, the 
stars that are evolving through the PAGB region of the HR diagram arise from only a single 
main-sequence turnoff mass. In addition, theoretical PAGB evolutionary tracks show that 
they evolve through this region at constant luminosity; hence the PAGB stars should have an 
extremely narrow luminosity function. Moreover, as the PAGB stars evolve through spectral 
types F and A (en route from the AGB to hot stellar remnants and white dwarfs), they have 
the highest luminosities attained by old stars (both bolometrically and in the visual band). 
Finally, PAGB stars of these spectral types are very easily identified, because of their large 
Balmer jumps, which are due to their very low surface gravities. 

Our approach is first to identify PAGB stars in Milky Way globular clusters and in 
other Local Group galaxies, which are at known distances, and thus to measure accurate 
absolute magnitudes for the PAGB stars. With this Milky Way and Local Group luminosity 
calibration, we will then be in a position to find PAGB stars in more distant galaxies from the 
ground, and ultimately from the Hubble Space Telescope, and thus derive distances. These 
PAGB stars are, as noted above, the visually brightest members of Population If and hence 
will allow distance measurements to galaxies that do not contain Cepheids, such as elliptical 
galaxies, as well as distances to spirals using PAGB stars in their halos. Moreover, the 
method is entirely independent of Cepheids, and thus provides a direct test of the Cepheid 
distance scale. The program will also provide information on the evolutionary lifetimes of 
PAGB stars. 

Our observational technique is CCD photometry. We use the standard BVI filters, to 
which we add a Gunn u filter that lies entirely below the Balmer discontinuity (A < 3650 A) 
and thus measures the size of the Balmer jump. Basically, we identify stars that are blue 
in B - V and V - I (i.e., A-F stars), but “red” in u - B (i.e., having a large Balmer 
discontinuity). 

We acquired uBVI CCD data in the halos of the spirals M31 and M33, and in the 
dwarf elliptical NGC 205 and several other galaxies in the Local Group, during observing 
runs at the Kitt Peak 4-m telescope with its prime-focus 2048 x 2048 CCD camera. More 
recently we also used the wide-angle Mosaic camera on the KPNO 4-m telescope to obtain 
frames in the Local Group galaxy IC 1613, four dwarf irregulars just outside the Local Group 
(Leo A, Sextans A and B, and GR 8), and in the halos of four galaxies in the M81 group: 
NGC 2366, NGC 2403, NGC 4236, and M81 itself. 

During an even more recent run at Cerro Tololo (November 2001), Siegel used the 
CTIO 4-m Mosaic camera to survey the halos of several spiral galaxies in the nearby Sculptor 
Group, including NGC 253 and NGC 300. 

With UVGA support, we also completed the observing for a program aimed at 
searching most of the Milky Way globular clusters for PAGB stars, with 0.9-m telescopes 
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at KPNO and CTIO. We predict that there will be about a dozen A-F PAGB stars in the 
entire Milky Way globular-cluster system, which will play a crucial role in the luminosity 
calibration. We have good CCD frames, generally reaching down to the horizontal branch, 
for some 100 Milky Way globular clusters. To date, there are 3 well-established A-F PAGB 
stars in Milky Way globulars: one in u Centauri, and two in NGC 5986. Siegel is well along 
in analyzing these frames. 

During the grant period, we completed a photometric study of NGC 5986, based on 
0.9-m CCD frames obtained by Bond and analyzed by Alves and an STScI summer student 
worker from the University of Minnesota, Chris Onken. The color-magnitude diagram of the 
cluster yields a new distance determination of 10.7 kpc. These data confirm that the two 
PAGB stars in NGC 5986 have the same absolute magnitudes to better than 0.1 mag, thus 
supporting their utility as standard candles. The mean absolute magnitude, including also 
the PAGB star in u Centauri, is M v = -3.28 ± 0.07. This study has been published in the 
Astronomical Journal. 

As described above, for purposes of identifying PAGB stars, we are developing a new 
“uBVI” photometric system, based on the u filter of the Gunn-Thuan system combined 
with the standard BVI filters of the Johnson-Cousins system. The advantage of Gunn u 
over Johnson U is that the former filter’s bandpass is entirely below the Balmer discontinuity. 
PAGB stars, which are low-mass stars in transitory high-luminosity evolutionary stages, will 
have extremely low surface gravities, and hence, as they pass through spectral types F and 
A, will have very large Balmer jumps. This is the distinctive feature that gives them unique 
u - B colors, and allows PAGB stars to be detected readily throughout the Local Group. 
We have made extensive observations of Landolt standard stars, to which we are adding 
a calibration of the u filter, in order to develop a network of uBVI standards around the 
celestial equator. 

Alves (now at Columbia University) and Siegel have been working on completing the 
calibration of the uBVI system, by combining all of our frames of the Landolt standard fields 
obtained throughout all of the lengthy observing. This is a major undertaking, involving 
analysis of a total of 12 0.9-m observing runs (46 individual nights) with extensive CCD 
observations of the standard fields; including the object frames as well as the standard fields, 
there are some 10,000 CCD frames. This standardization effort is nearly completed, and a 
progress report was presented at the January 2001 AAS meeting. This work, in turn, will 
be the basis for calibrating the PAGB absolute magnitudes in Milky Way globular clusters, 
the Local Group, and the Sculptor and M81 Groups. 

Bond completed a theoretical log g calibration of the uBVI photometry, using pub- 
lished model stellar atmospheres and convolving the theoretical fluxes with the filter and 
detector sensitivity functions. This refinement will allow us to select only stars that have 
the Balmer jumps of low-gravity stars, and to reject other contaminants, such as background 
unresolved blue galaxies and foreground horizontal-branch stars of our own galaxy's halo. 

Some astrophysical results of the above work were presented by Bond at the workshop 
on post-AGB stars in Torun, Poland, in August 2000. We have a preliminary result on 
NGC 205, a dwarf elliptical companion of M31, whose PAGB stars indicate that it is 
~100 kpc further away than M31 itself, in spite of the usual assumption that it is at the same 
distance. Thus, our program is yielding surprises even within the Local Group. Counts of 
PAGB candidates in the halo of M31 imply that their lifetimes are ~25,000 yr, in reasonably 
good agreement with theoretical predictions. 

We have been approved for a spectroscopic program, in which we will use the 6.5-m 
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MMT telescope to obtain spectra of ~two dozen individual PAGB candidates in the M31 
halo. Unfortunately, due to instrumental problems at the MMT, these observations were 
postponed to the fall of 2002. 

In a future extension of this work, we plan to initiate studies of an entirely new class 
of standard candles among Population I stars: luminous A- and F-type supergiants. These 
objects are the visually brightest stars that exist, reaching to absolute visual magnitudes 
as bright as My ~ -9. Model stellar atmospheres show that the size of their Balmer 
jumps is directly related to their absolute magnitudes, so that our uBVI system should be 
capable of determining their My's. In collaboration with Dr. R. M. Humphreys (University 
of Minnesota), we will propose to use the KPNO 4-m and Mosaic camera, with which we will 
survey the entire M31 and M33 galaxies in order to identify all of their luminous Pop I A-F 
supergiants. (Surprisingly, there has never previously been a general survey of M31 and M33 
for A-F supergiants.) In addition to calibrating these stars as a new Pop I standard candle, 
our survey will provide useful targets for NASA’s Space Interferometry Mission, which should 
be capable of detecting their proper motions due to the rotations of M31 and M33 once we 
have provided a list of M31/M33 members bright enough for SIM to observe. 

The ultimate aims of the program are (a) to determine the absolute magnitudes of 
PAGB stars and the metallicity dependence, if any, thus establishing a “Population IF' 
distance scale that will be entirely independent of Cepheid variables; and (b) to attempt 
also to calibrate Population I A-F supergiants as even more luminous standard candles. On 
this basis, future HST observations can establish the distances to galaxies well beyond M81. 
including (in the case of Pop II PAGB stars) elliptical galaxies that do not contain Cepheid 
variables. With HSTs Wide Field Camera 3— which will be UV-optimized and, due partly 
to Bond’s advocacy, will have a high-throughput filter similar to our ground-based u— we 
expect to be able to measure distances directly to as far out as the giant elliptical galaxy 
M87 in the Virgo Cluster with great efficiency and accuracy, using our post-AGB standard 
candles. The new Pop I A-F supergiant candles could be detected with HST and "WFC3 as 
far out as the Coma Cluster. 
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